The pencillin-starch paper strip method was compared with the acidometric and iodometric methods for assaying beta-lactamase production, using fresh In 1965, Novick and Richmond (8) described a practical test to determine penicillinase production by penicillin-resistant staphylococci. The test utilized the soluble properties of N-phenyl-1-naphthylamine-azo-O-carboxylbenzene in the alkaline state (yellow) in contrast to its insoluble properties in the acid state (purple) after hydrolysis of penicillin to penicilloic acid. Duma and Kunz (3) and Adams et al. (1) modified the Nphenyl -1 -naphthylamine -azo -0 -carboxylbenzene method to test staphylococci, with the latter group offering the test in the form of an agar overlay technique. Since then, various methods to rapidly test bacterial pathogens for beta-lactamase production have been described. These include the capillary acidometric method for staphylococci (11) and Haemophilus (12), the tube acidometric method for Haemophilus (4), and the iodometric method for Haemophilus (2). Most recently the chromogenic cephalosporin method (6, 10), used to test a variety of organisms, seems to have gained favor despite the substrate unavailability in this country.
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In 1977, Jorgensen and co-workers (5) described a paper strip method involving a starchpenicillin preparation. The impregnated paper strip is flooded with an iodine preparation, drained, and spot inoculated with the test organism. The mechanism of this test involves the chemical interaction of starch and iodine to form a purple complex when iodine solution is added to the strip. When penicillinase (beta-lactamase) is produced, the penicillin is converted to penicilloic acid, which in turn converts the iodine to iodide. The iodine is no longer available to form the purple starch-iodine complex; hence, the purple color disappears and the test area of the strip becomes white.
To date, no report demonstrating the efficacy of the paper strip method has appeared in the literature. Our laboratory has been using this test since 1977. It is the purpose of this paper to present an evaluation of the paper strip test and to compare its performance with that of the acidometric (4) and iodometric (2) methods. It is also our purpose to show the accuracy, reliability, and ease of performance of this test. (2) were performed according to the procedures described for the respective tests.
Beta-lactamase induction. Induction of beta-lactamase production was measured by using selected strains of staphylococci which gave intermediate zones of inhibition to penicillin. The inoculum consisted of growth taken from the area immediately surrounding the zones of inhibition to penicillin and methicillin (3) and was tested by each of the three methods.
Antimicrobial susceptibility. All cultures were tested for antibiotic susceptibility by appropriate disk diffusion techniques (7) . Results of susceptibility to penicillin were used to correlate beta-lactamase production and penicillin (ampicillin) susceptibility.
RESULTS AND DISCUSSION Table 1 shows the results of tests for betalactamase production with the paper strip method (210 isolates), the acidometric method (301 isolates), and the iodometric method (117 isolates). When Haemophilus and Staphylococcus species were tested, the paper strip method gave positive results, respectively, within 5 to ween the paper strip beta-with the iodometric method. Both organisms nicillin susceptibility produced beta-lactamase after induction.
Beta-lactamase (12) immediately upon isolation of the pathogens and of ampicillin-resistant requires only a few colonies from the primary ailed to produce beta-isolation plates to give a valid reaction. Six to i was verified as penicil-eight tests can be performed on one strip. The tamase negative by the acidometric test, in contrast, is inoculum depenntrol. The penicillin-re-dent and requires a very large inoculum to train and the intermedi-obtain satisfactory results. After thawing of the d to give a positive test reagents and manipulation of the tubes and on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from reagents, the acidometric test provides positive results within 1 min for Haemophilus and Neisseria species but requires up to 15 min for the staphylococci. The iodometric method is not inoculum dependent, with a few colonies sufficing as the inoculum. The test requires at least 15 min for preincubation, however (the recommended method specifies 1 h), although positive results are obtained within seconds after the addition of the iodine reagent to the preincubated tests. (iv) The paper strips are simple and inexpensive to prepare, so that the test becomes practical even for small laboratories. The preparation of the paper strips has been simplified by immersing large pieces of filter paper (25 cm in diameter) into the pencillin-starch solution, drying them, and then cutting the paper into strips. Sterility is not a factor here. Moreover, one bottle of pharmaceutical penicillin G, a few grams of soluble starch, and a half dozen large sheets of filter paper are sufficient to prepare a supply to meet the needs of a large laboratory for a year.
A test for beta-lactamase production is required which can be used to assay a wide variety of organisms suspected of producing the enzyme. Also, the test should be rapid in order to provide virtually immediate results after isolation of the pathogen. The paper strip method meets these requirements and has proved to be an extremely reliable, accurate, low-cost, and easy-to-use test for screening primary isolates of Haemophilus, Neisseria, Branhamella, and Staphylococcus species in clinical laboratories.
